Abstract: Posnjakite nanoparticles, Cu 4 SO 4 (OH) 6 · H 2 O, were synthesized by utilizing a new thio-Schiff base ligand as new capping agent via a microwave approach. The effects of molar ratio, surfactants, heating time and microwave power on morphology of the product were investigated. The as-synthesized posnjakite nanoparticles were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier transform infrared (FT-IR) spectroscopy and energy dispersive X-ray analysis (EDAX). The effects of different parameters such as the molar ratio, surfactants, microwave power and irradiation time on the morphology of the products were investigated. Moreover, adsorption of methylene orange dye on posnjakite nanoparticles was considered and the uptake percent was determined to be > 65% in 200 min.
Introduction
Metal chalcogenide nanocrystals have been considered between the diverse nanocrystals due to their increased quantum confinement effects and photoemission characteristics. These nanocrystals have been applied to many distinctive technological areas involving biological labeling and diagnostics, light emitting diodes, electroluminescent devices, photovoltaic devices, lasers and single electron transistors [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Copper sulfide (Cu x S) is one of the chalcogenides that has received substantial consideration in recent years due to its broad stoichiometric composition, various morphology, and nonlinear optical property.
Especially, it is an attractive material for solar cells [11] [12] [13] , nonvolatile memory devices [14, 15] and gas sensing [16] applications. Additionally, Cu x S is a potential motivating material for cold cathodes [17] and lithium ion batteries [18] .
Posnjakite nanoparticles are intermediate for conversion of CuSO 4 to Cu(OH) 2 or CuO nanoparticles. In the present experimental work, posnjakite nanoparticles were prepared by an easy microwave method. Microwave supplies a high energy in the lowest time for preparation of desired nanoparticles. Nanoparticles synthesized by this procedure included very small particles.
Nevertheless, up to now, no statement has been obtained in relation to posnjakite nanoparticles with CuSO 4 ·5H 2 O and thio-Schiff base ligand as a capping agent. The effects of molar ratio, surfactants, microwave power and irradiation time were considered. Throughout the current research, we extended a microwave approach to prepare posnjakite nanoparticles utilizing propylene glycol as the solvent and a thio-Schiff base as the capping agent for the first time.
Experimental Materials and physical measurements
All reagents and solvents were of analytical grade and were used as received without further purification. X-ray diffraction (XRD) patterns were recorded by a Rigaku D-max C III, X-ray diffractometer using Ni-filtered Cu-Kα radiation. The composition analysis was done by energy dispersive X-ray (EDX, Kevex, Delta Class I). Scanning electron microscopy (SEM) images were obtained on LEO. Fourier transform infrared (FT-IR) spectra were recorded on a Shimadzu Varian 4,300 spectrophotometer in KBr pellets.
Synthesis of posnjakite nanoparticles
In a typical procedure, 2 mmol 2-aminothiophenol was dissolved in 10 ml absolute ethanol and added dropwise to 2-methoxybenzaldehyde solution (2 mmol 2-methoxybenzaldehyde was dissolved in 10 ml absolute ethanol at ambient temperature under magnetic stirring). In a separate beaker, 2 mmol of CuSO 4 ·5H 2 O was dissolved in propylene glycol (50 ml) under stirring. Then these solutions were mixed together and stirred for 30 min. Finally the solution was transferred to 100 ml beaker and the contents were exposed to microwave irradiation in a domestic microwave oven, operating at 2,450 MHz, for different output power and time. The posnjakite nanoparticles formed were washed with distilled water and alcohol to remove any unreacted organic impurity and dried in vacuum. The synthetic route is exhibited in Scheme 1.
Results and discussion
The FT-IR spectrums of the as-synthesized thio-Schiff base ligand and posnjakite nanoparticles have been shown in Figure 1 bending and stretching vibration, respectively [20, 21] . The adsorptions at 1,622 and 3,400 cm −1 were recognized to the H-O-H bending and O-H stretching vibration [20] . The XRD pattern of the as-synthesized posnjakite nanoparticles has been shown in Figure 2 . All the diffraction peaks can be attributed to monoclinic phase posnjakite nanoparticles in accordance with the literature value (JCPDS file No. 20-0364). According to the full width at half-maximum (FWHM) of the diffraction peaks in XRD pattern, the crystallite size (D c ) of the posnjakite nanoparticles was estimated to be 25 nm utilizing the Scherrer eq. (1):
where β is the width of the considered diffraction line at its half intensity maximum and λ is the wavelength of X-ray source utilized in XRD [6] . Morphologies of the products were analyzed using SEM analysis. In Figure 3 the influence of varying power (600, 750, 900 W) at fixed time (15 min) and propylene glycol as solvent were investigated. Figure 3(a) shows SEM micrographs of the sample synthesized under microwave irradiation at 600 W for 6 min. It can be observed that a number of regular mass and tiny amount of aggregated particles exist in the sample. At 750 W microwave irradiation (Figure 3(b) ), it is obvious that the last product includes nanostructures with rod-like morphology along with aggregated nanoparticles. Figure 3(c) exhibits the SEM image of as-synthesized posnjakite nanoparticles at 900 W. It can be obviously distinguished that the nanoparticles are composed of irregular and agglomerate particles. Thus, the optimum power for this experiment is 600 W. Figure 4 exhibits the effect of microwave heating time on the product morphology by fixing the microwave power at 600 W. As revealed in Figure 4 at various microwave irradiation times, various sizes of the products were achieved. Figure 4 (a) reveals the typical SEM image of the product achieved at the power of 600 W for 10 min. The products contained rod-like nanostructures with long diameter, indicating that short irradiation time is not favor for the formation of posnjakite nanoparticles. When the irradiation time was extended to 15 min (Figure 4(b) ), the product included of regular and separated nanoparticles. By further increasing heating time to 20 and 25 min (Figure 4(c) and (d) ), posnjakite nanoparticles aggregated simultaneously and large populations obtained. Thus, the optimum heating time for this experiment is 15 min. Further, to reach optimum conditions, we investigated the effects of the surfactant on the morphology of posnjakite nanoparticles. Figure 6 approved that in the presence of surfactants, large scale and irregular masses have been obtained. In other words, it was demonstrated that using the surfactants does not have a significant effect on the nanomaterial size and morphology. In fact, utilizing thio-Schiff base as capping agent leads to formation of regular posnjakite nanoparticles.
EDX analysis measurement was employed to investigate the chemical composition and purity of as-synthesized posnjakite nanoparticles. The EDX pattern of posnjakite nanoparticles in Figure 7 exhibits that the only elements that existed were Cu, O and S.
The photocatalytic activity of the posnjakite nanoparticles was considered by monitoring the degradation of methyl orange in an aqueous solution, under irradiation with UV light (Figure 8) . Without light or nanoparticles, nearly no methyl orange was broken down after 50 min, exhibiting that the contribution of self-degradation wasnegligible. However, posnjakite nanoparticles exhibited high photocatalytic activity. The heterogeneous photocatalytic processes include many steps, such as diffusion, adsorption and reaction. Appropriate distribution of the pore is advantageous to diffusion of reactants and products, which prefer the photocatalytic reaction. In this paper, the enhanced photocatalytic activity may be ascribed to suitable distribution of the pore, high hydroxyl content and high separation rate of photo-induced charge carriers [22] . 
Conclusions
Posnjakite nanoparticles with different morphologies and particle sizes were gotten via a simple microwave approach between CuSO 4 and a new thio-Schiff base as capping agent. Thio-Schiff base was synthesized from 2-methoxybenzaldehyde and 2-aminothiophenol. The outcomes obtained in the current research exhibit that the microwave approach has demonstrated to be easy and effective. The effects of different parameters such as the molar ratio, surfactants, microwave power and irradiation time on the morphology of the products were investigated. Novelty of this work is the treatment of a new thio-Schiff base as capping agent to synthesize posnjakite nanoparticles. The synthesized posnjakite nanoparticles can be utilized in some analytical applications such as removal of methylene orange dye, since the percentage uptake was found to be > 65% within 50 min.
